Objective. Although intravenous cyclophosphamide (IVC) is generally accepted as the standard therapy for induction treatment of active proliferative lupus nephritis (LN), several clinical trials have suggested that mycophenolate mofetil (MMF) is at least as effective as IVC. Because few Asian studies have compared the two treatment modalities, we compared the efficacies of MMF and IVC as LN remission induction treatments in Korean patients. Methods. We enrolled 39 patients with class III and IV LN who received MMF or IVC as LN induction therapy. The renal outcomes (i.e., complete response [CR], partial response [PR], and no response [NR]) at 6 and 12 months were defined using the ACR 2006 response criteria. Results. Of 39 patients, 23 (59.0%) were treated with IVC, and 16 (41.0%) were treated with MMF. Demographics, clinical characteristics, laboratory data, and adverse events did not significantly differ between the two groups. However, C3 levels were lower and activity scores in renal biopsy were higher in IVC-treated patients. CRs were achieved by 11 (47.8%) of the patients receiving IVC and 7 (43.8%) of the patients receiving MMF after 6 months of treatment (p=0.961) and by 11 (47.8%) of those who received IVC and 9 (56.2%) of those who received MMF at 12 months of treatment (p=0.713). Neither the PR rate nor the NR rate differed significantly at 6 or 12 months between the two groups. 
INTRODUCTION
Systemic lupus erythematosus (SLE) is a chronic, multi-organ autoimmune disease characterized by the presence of autoantibodies and various clinical manifestations. Renal injury is one of the most common and serious manifestations of SLE. Lupus nephritis (LN) develops in up to 60% of patients during the course of SLE, and it is the principal cause of mortality and morbidity because of the associated complications and progression to end-stage renal disease [1] . Many immunosuppressive agents have been developed to inhibit the progression of LN patients to renal failure. Conventionally, active proliferative LN has been managed using high doses of intravenous cyclophosphamide (IVC) combined with corticosteroids [2] . IVC has improved LN outcomes, but its use is limited by its severely toxic side effects, which can lead to hemorrhagic cystitis, opportunistic infections, bone marrow suppression, premature gonadal failure, and increased risk for malignancy [3] . To avoid such serious side effects, alternative treatments have been sought. Of the various immunosuppressants, mycophenolate mofetil (MMF) has emerged as a useful therapeutic modality. A randomized, controlled trial per-formed in 2005 showed that MMF was superior to IVC in terms of inducing a complete response (CR) in patients with active LN, and it had a more favorable safety profile [4] . However, other studies and meta-analyses have not found significant differences between MMF and IVC in these contexts; both treatments have been associated with clinical improvements [5, 6] . Notably, the Aspreva Lupus Management Study (ALMS) tested the hypothesis that MMF was superior to IVC as an LN remission induction therapy but found that the two treatments did not differ in terms of renal response or safety profile [7] . Interestingly, the ALMS found that the efficacy of IVC varied among different racial and ethnic groups, being less effective for patients of African and Hispanic descent [8] . MMF and IVC demonstrated similar efficacy and were used as induction treatment in previous trials in Hong Kong [9, 10] , Malaysia [11] , China [12, 13] , Japan [14] , and India [15, 16] . Unfortunately, no randomized controlled trials have compared MMF and IVC to induce remission in Korean patients. Thus, in the present study, we retrospectively compared the efficacy of MMF and IVC as LN remission induction treatments in ethnically homogeneous Korean patients.
MATERIALS AND METHODS

Patients
This study was a retrospective observational study. Between January 2008 and January 2012, we evaluated 79 patients with LN from the lupus cohort of Chonnam National University Hospital. All patients fulfilled the revised 1997 criteria for SLE [17] . The inclusion criteria included a visit to our hospital within 6 months of SLE diagnosis, presence of adequate renal biopsy material, and a renal biopsy report suggestive of LN. Renal biopsy reports were used to confirm LN in all patients, and renal biopsy specimens were reclassified using the system of the International Society of Pathology/Renal Pathology Society (ISN/RPS) [18] by two renal pathologists blinded to previous biopsy data and clinical features. Patients were excluded if they exhibited advanced comorbidities or other diseases associated with kidney dysfunction, including diabetic or primary kidney disease. Patients for whom medical records were inadequate or who were followed up for ＜1 year were also excluded. Finally, of the 79 patients, we selected 39 patients with class III and IV lupus nephritis who received MMF or IVC as an LN induction therapy. The study was approved by the Institutional Review Board of Chonnam National University Hospital (approval no. CNUN-2014-239), which waived the need for informed consent because of the retrospective nature of the study.
Data collection
Baseline demographic and clinical data were collected from medical records created at the time of renal biopsy. Demographic data (age, sex, educational level, hypertension and diabetes mellitus status, and disease duration at LN onset) were included. Hypertension was defined as systolic blood pressure ＞140 mmHg and/or diastolic blood pressure ＞90 mmHg on two or more occasions and/or the use of anti-hypertensive drugs. Diabetes mellitus was considered present if the fasting blood glucose level was ＞126 mg/dL or the patient receiving insulin or taking oral hypoglycemic agent.
Laboratory data were based on a complete differential blood count, the erythrocyte sedimentation rate (ESR), C-reactive protein (CRP), urinalysis data, proteinuria (g/day) data, lipid profiles (levels of total cholesterol, high-density lipoprotein [ , and IgG anti-beta2-glycoprotein I (β2GPI)]) were also measured. The levels of autoantibodies, including anti-Smith (Sm), anti-ribonucleoprotein (RNP), anti-Ro, and anti-La autoantibodies, were assessed using enzyme-linked immunosorbent assays (ELISAs). Anti-nucleosome and anti-ribosomal P antibodies were measured using anti-extractable nuclear antigen (ENA). Disease activity was assessed using the SLE disease activity index (SLEDAI) 2000 [19] . The renal biopsy results were separately classified by two blinded renal pathologists based on the 2004 ISN/RPS criteria [18] . Activity and chronicity indices were determined by reference to the scoring systems of the US National Institutes of Health [20] . Patients with mixed-type LN were assigned to the predominant type. For example, type III+V cases were classified as type III We recorded medications used as induction and maintenance therapies, as well as all medications taken for ＞3 months prior to LN onset, such as hydroxychloroquine (HCQ) and prednisolone (＞5 mg/day). We reviewed whether HCQ was taken continuously (for ＞8 months of the 1-year follow-up period) after LN onset. The use of angiotensin converting enzyme inhibitors (ACEis) and/or angiotensin receptor blockers (ARBs) (which reduce proteinuria) was also reviewed.
Treatment and definition of remission
Treatment was at the discretion of the responsible rheumatologist and included corticosteroids with high-dose [HPF] and no cellular casts). A partial response (PR) was defined as a stable eGFR, a ＞50% reduction in the urinary protein-to-creatinine ratio (or a ratio in the range of 0.2∼2.0), and no urinary sediment. No response (NR) was defined as a failure to meet the remission criteria.
Statistical analysis
All statistical analyses and data processing were performed using SPSS software (ver. 23.0; IBM Co., Armonk, NY, USA). Continuous variables are expressed as mean±standard deviation, and categorical variables as percentages. The Mann-Whitney U-test was used to compare continuous variables, and chi-square test and Fisher's exact tests were used to compare categorical variables. The Mantel-Haenszel method was employed to compare the renal responses of the IVC and MMF groups at 6 and 12 months. p-values ＜0.05 were considered to be statistically significant.
RESULTS
We included a total of 39 patients with biopsy-proven LN. The mean age at LN onset was 31.92±11.2 years, and 89.7% of all the patients were women. The mean disease duration at the time of biopsy-confirmed LN onset was 5.92±4.90 months. Among the patients, 17.9% had hypertension at the time of LN onset, and 2.6% diabetes mellitus. In all, 23 patients (59.0%) were treated with IVC as induction therapy, and 16 (41.0%) were treated with MMF; both groups were also prescribed corticosteroids. The baseline demographic and clinical characteristics of all the patients at the time of renal biopsy are shown in Table 1 . The mean age at LN onset was 31.7 years in the IVC-treated patients and 32.3 years in the MMF-treated patients. The mean disease duration at the time of LN onset was 4.87 months in the IVC-treated patients and 7.44 months in the MMF-treated patients. In terms of laboratory findings, the IVC-treated patients had lower white blood cell counts (p=0.050) than the MMF-treated patients. No other laboratory measurements (of inflammatory markers, lipid profiles, or kidney function pa- rameters) differed between the two groups. The autoantibody levels did not differ between the two groups. In terms of complement components, the C3 level was significantly lower in the IVC-treated patients than in the MMF-treated patients (p=0.011).
The renal biopsy findings of the two groups are compared in Table 2 . Of the various activity indices, fibrinoid necrosis/karyorrhexis was more common in the IVC-treated patients than in the MMF-treated patients (p=0.014). Similarly, the activity score was significantly higher in the IVC-treated patients than in the MMF-treated patients (p=0.007). No other chronicity indices or scores differed between the two groups. However, when patients with an activity score greater than 12 were evaluated, there was no difference in number of patients between the two treatment groups. To conclude, the renal responses for the two different treatments at 6 and 12 months in patients with higher activity scores in the renal biopsy (activity score ＞12) were not significantly different (p=0.973 for the 6-month outcome, p=0.708 for the 12-month outcome). Table 3 lists the medications taken before LN onset and during the follow-up period. There were no significant between-group differences in the use of prednisolone, HCQ, ACEi, or ARB. In addition, the medications used during follow-up, including HCQ, ACEi, and ARB, did not differ between the groups. During induction treatment, two patients from IVC group were treated with steroid pulse therapy. However, no patient in MMF group received steroid pulse therapy. For maintenance therapy, IVC, MMF, Azathioprine (AZA), and glucocorticoids were considered according to the ACR guidelines for the management of lupus nephritis class III/IV induction therapy. In this study, as maintenance therapy, 16/16 (100%) patients in the MMF group treated with MMF as maintenance therapy. In the IVC group, 4/23 (17.4%) pa- Additional analyses were performed of patients who exhibited a renal response, defined as a ＞50% reduction of 24 hours proteinuria, ＜500 mg/day proteinuria, or ＜200 mg/day proteinuria (Table 4) . Importantly, similar numbers of patients in the two groups met these criteria; no significant between-group differences were apparent. Furthermore, the time until proteinuria reduction, defined as a ＞50% reduction of 24 hours proteinuria, ＜500 mg/day proteinuria, or ＜200 mg/day proteinuria, did not differ between the groups. The adverse events experienced by the patients over 12 months are shown in Table 5 . No patients died during the treatment period. The incidence of adverse events was similar in the two groups: 65.2% (15 of the 23 IVC-treated patients) and 68.8% (11 of the 16 MMF-treated patients, p=0.548). The proportion of patients with major infections requiring hospitalization did not differ significantly between the groups (p=0.061).
DISCUSSION
We found no significant differences between IVC and MMF used as remission induction therapies for LN. In other words, MMF and IVC were equally effective in terms of inducing remission in an ethnically homogenous Korean population.
According to the LN management guidelines proposed by the ACR, European League Against Rheumatism (EULAR), and Kidney Disease Improving Global Outcomes (KDIGO) [21, 22, 24] , patients with active LN are recommended to take IVC or MMF in combination with oral glucocorticoids, with or without three pulses of intravenous methylprednisolone at the start of remission induction therapy. Because these guidelines are based on clinical trials conducted in Western countries and treatment responses vary by geographical region, race, and ethnicity, it is important to perform randomized, controlled trials in Asian populations to derive meaningful guidelines. Unfortunately, a few studies have yet compared the efficacy and safety of IVC and MMF as remission induction therapies in Asian. Although our work was retrospective in nature, this report is the first to compare the efficacy of IVC and MMF in Korean patients with LN. We believe that our results could guide the management of LN patients in our region. However, because of the small sample size, a larger-scale, multi-center, nationwide prospective study is needed to confirm our findings. We found that MMF and IVC were similarly effective when used as remission induction therapy for management of active LN. In 2012, Li et al. [13] conducted 24-week prospective study in China, including 60 patients with LN randomly assigned to receive MMF, tacrolimus, or IVC in combination with corticosteroids. This pilot study suggested that both MMF and tacrolimus are viable alternatives to IVC as induction therapies for acute LN in Chinese patients. In 2018, Sahay et al. [16] compared the efficacy and side effects of cyclophosphamidebased (low-and high-dose) and MMF-based regimens with 144 LN patients in India. The MMF-and IVC-based regimens were equally effective for the treatment of LN. Moreover, this study suggested that the low-dose IVC regime may be equally efficacious, but with a further reduction in cost and drug toxicity. In 2005, a 24-week, randomized, open-label, non-inferiority trial showed that remission induction therapy with MMF was superior to that afforded by IVC in inducing a CR [4] . In contrast, the multinational ALMS study found that renal responses to MMF remission induction therapy were comparable to those afforded by IVC at 6 months [7] . Although a tendency toward a better response with IVC rather than with MMF was evident when the analyses were limited to Asian patients, statistical significance was not attained. Hanaoka et al. [14] recently conducted a single-center retrospective study comparing four different induction therapies in Japanese LN patients, and they found that the CR rate over 3 years did not differ significantly among the groups. When the renal responses of 22 IVC-treated patients were compared to those of 11 MMF-treated patients, no significant between-group differences were apparent. Our results are in agreement with those of the ALMS and Japanese studies. Because our work was retrospective in nature, some selection bias might have occurred. Although the baseline clinical characteristics, except complement level, did not differ between the two groups, the activity score derived from renal pathology was significantly higher in the IVC group. Thus, we adjusted for the activity score, but the renal responses at 6 and 12 months did not change. A randomized, controlled trial is better than a retrospective study. However, it is difficult to conduct clinical trials with SLE patients to issues including disease heterogeneity, inadequate trial size, short trial duration, insufficient information on appropriate dosage or guidelines to address background medications, and difficulty in setting a primary endpoint [25] . Thus, we must use information derived from observational studies. We found that MMF could be a good therapeutic option for LN patients, particularly women of childbearing age, because it does not cause gonadal toxicity. Ideally, decision-making should be shared by physicians and patients, who together choose an appropriate regimen by balancing the benefits and risks of treatment.
In this study, we did not detect significant differences between the MMF-and IVC-treated patients with regard to the rates of adverse events, serious adverse events, or infections. Although our study was retrospectively analyzed, the overall adverse event profiles of both MMF and IVC in this study were consistent with previous studies [4, 7, [26] [27] [28] . However, it should be noted that under-reporting of some adverse events might have occurred due to the retrospective study design. Our study had several limitations. First, it was a retrospective study, which might limit the generalizability of the results. Second, the number of LN patients allocated to each treatment arm was relatively small, creating power issues in terms of analysis. Any difference in the renal response between the IVC-and MMF-treated patients may have failed to attain statistical significance because of the small sample size. Third, the IVC-treated patients had more active disease compared to the MMF-treated patients; the C3 level, fibrinoid necrosis/karyorrhexis components of the activity indices, and activity scores were significantly higher in the IVC-treated patients than in the MMF-treated patients. Although we adjusted for the activity scores, some potential confounding factors could not be fully controlled because of the nature of the study. Finally, the work was conducted at a single center in the Republic of Korea, and thus, the results may not be representative of the entire SLE population of Asian ethnicity. Therefore, a larger-scale, multi-center, nationwide prospective study is needed to confirm our findings.
CONCLUSION
In conclusion, we found that the efficacy and safety of MMF at 6 and 12 months did not differ from that of IVC when the drugs were used as LN induction treatments in ethnically homogeneous Korean patients. Both IVC and MMF can be used for LN remission therapy.
